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Abstract 
In order to research the the effects of conductor wires on transmission tower under wind load, considering the theory 
of flat cable assumptions, the vibration equation of transmission tower-line system under wind load was deduced. 
Using software ANSYS, The 3-D finite element models of single tower, one tower and two spans of conductor wires, 
three towers and four spans of conductor wires, five towers and six spans of conductor wires were established 
separately, which were based on Qixia ~ Wendeng (Kunyu) 500kV transmission line project. Time histories of wind 
speed acting on transmission tower-line system were simulated with AR method using software Matlab. The 
displacement of middle towers in every model were caculated and analyzed. This paper discusses the effect of the 
tower-line interaction on the transmission tower-line system and derives some useful results, which is useful for the 
future research.  
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction  
Transmission tower-line system has big flexibility for its large cross span and high height. The main 
power load of it is seismic load and wind load. For its predominant frequency is closer to the predominant 
frequency of wind load, it is very sensitive to wind load. So wind load under transmission tower-line 
system is extremely important, and becomes the control load of it for designing in most cases[1]. 
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At present, wind load under transmission tower and conductor wire are calculated separately in 
Chinese technical code[2] so that the coupling effect between transmission tower and conductor wire is 
not considered. In fact, as a structural system with high rise and flexible, transmission tower-line system 
embodies strong geometric nonlinearity and material nonlinearity under the action of wind load. So it is 
of great significance to analyze transmission tower-line system accurately. Using software ANSYS, a 
series of 3-D finite element models are established. The models composed of single tower, one tower and 
two spans of conductor wires, three towers and four spans of conductor wires, five towers and six spans 
of conductor wires, which are based on Qixia ~ Wendeng (Kunyu) 500kV transmission line project. The 
time histories of wind speed acting on transmission tower-line system are simulated with AR method 
using software Matlab. At last, the effects of conductor wires to the tower under wind load is discussed 
and some significant conclusions are obtained. 
2. Theoretical Analysis of Vibration for Transmission Tower-Line System 
2.1 Calculation model 
Figure 1 Transmission tower-line system 
In transmission tower-line system, the ratio of maximum sag of conductor to span ranges about from 
1:20 to 1:10, so the wire can be considered as a flat cable[3]. Considering the effects of conductor wire on 
tower, Fig. 1 shows the drawing of transmission tower-line system. The conductor wires are hung on 
transmission tower through insulators. No.Ⅱ tower is to be researched and the coordinate system can be 
established as fig 1 shows, X  direction is vertical paper out.  
2.2 Tension equation of conductor wire. 
Making No.2 wire as an example to research, the equation of motion of it can be written as[3][4] 
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where  is quality linear density of the wire,  is the damping of conductor wire,  is the 
additional static tension of the wire on  direction,  is the additional dynamic tension of the wire on 
c
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Y v direction, u ,  and w  are the dynamic displacements of the wire on X ,Y  and Z  directions, 
 and XP ZP  are the loads of  wire on X  and directions. 
The geometrically compationbility equation of deformation of the wire is 
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= +where  is the deformation of the wire on  direction,  is the length of insulator, 
is the the initial length of the wire,  is the span,  is modulus of elasticity of the wire,  is 
cross-sectional area of conductor wire.  
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According to the theory in structural dynamics[5], the equation of dynamic displacement of the wire 
can be expressed as 
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in which  and  are the 1st and 2nd mode of shape of the wire on (1 yφ ) (2φ )  direction; ( )yXy 3φ
and are the 1st and 2nd mode of shape of the wire on (4φ )y ( ) ( )1, 4i =Z  direction; 2,3,iq t  is 
generalized displacement.  
Similarly, the load can be expressed as 
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Substituting (3) into (2), the additional dynamic tension of the wire on  direction is obtained  Y
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The additional dynamic tension of other wires can be established like this example.  
Substituting (2), (3) and (4) into (1), generalized displacement equation of the wire can be written as   
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The equation can be written to the form of matrix as  
Pd aθ =dAq + Bq + C q + E + E F& & (7)
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2.3 The vibration equation of transmission tower-line system 
The vibration equation of transmission tower which has N degree of freedom can be expressed as 
Mu + Cu + Ku = F& & (8)
where  refers to mass matrix,  refers to damping matrix,  refers to stiffness matrix,  refres 
to displacement columns of nodes,  is load columns.  
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Considering the additional dynamic tension of wires, the equation of transmission tower-line system 
can be written as  
Mu + Cu + Ku + h = F& & (9)
in which,  is the additional dynamic tension of wires. 
According to equation (7), the vibration equation of every wire can be obtained. Mainpulation of 
equation (7) and equation (9) leads to the vibration equation of transmission tower-line system:  
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in which matrix *Α , * , , , , * ,  are composed of sub- matrix Α, , , B * DC E PF G B C D, E, , PF G
separately.  
As already discussed, it can be seen that the equation (10) is converged. The conductor wires of the 
Adjacent tower have the same iθ , and the conductor wires 1 and 4 are hinged on the basement so that the 
displacement of it is 0, the joints of which only have rotational degree of freedom.  
For transmission tower-line system has various number of elements, it is too difficult to solve these 
equations directly. It can be solved by the finite element theory. The essence of finite element theort is 
solving differential equations by numerical method. In this paper, the problem is solved by the finite 
element software ANSYS program[6]. 
3. Building Finite Element Model 
The finite element model of transmission tower-line system is based on Qixia ~ Wendeng (Kunyu) 
500kV transmission line project in Shandong province of China. The models of single tower, a tower and 
two spans of conductor wires, three towers and four spans of conductor wires, five towers and six spans 
of conductor wires are builded using finite element software ANSYS program[7]. As the space of this 
paper is limited, only the models of single tower , three towers and and four spans of conductor wires are 
listed in Fig. 2 and Fig. 3, other models are similar to them. 
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Fig. 2 Single tower                                Fig. 3 Three towers and four spans of  wires 
Table 1 Parameters of wires 
parameter Conductor 
wire
Ground wire 
Wire type 4×LGJ-400/35 JLB1A-120-19 
Cross-sectional area/( 2mm ) 1700.96 120
Quality per km/( kg )/ km 5396 805
Initial horizontal stress/( MPa ) 61.083 335
Modulus of elasticity/( )MPa 65000 56000
Initial strain 0.000235 0.005982
Finite element model Link10 Link10 
Table 2 Parameters of insulator  
type FXB4-500/160
Modulus of elasticity/( )MPa 210
Structure height/(m) 4.45
density/( )3kg/ m 9748.6
Finite element model Link10
In the project, the type of the tower is 5D-SZ1 straight-line angle tower for double-circuit, the height 
of which is 66.4m and the foot of which is 11.6m. the span of wire is 500m. The parameters of wires are 
showed in table 1 and the parameters of insulator are showed in table 2. The main bars of the tower are 
simulated by enement beam189, the secondary bars of the tower are simulated by enement link8. In order 
to make the problem easily, the four bundle conductor wires are simplified as one cable. Every conductor 
wires and ground wires are meshed into 20 elements[6]. For the effect of dead load, there is initial stress 
in conductor wires and ground wires which is showed in table 1. In this paper, the initial stress is 
produced through suppling initial strain to the element.  
4. Fluctuating Wind Speed Simulation 
Yantai located in shandong peninsula coastal zone, according to “reference[8]”, parameters of 
fluctuating wind are showed in table 3. 
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Table 3 Parameters of fluctuating wind  
Reference wind speed 29.665m/s 
Roughness length 0.005 
Time step 0.1s 
Total time 600s
Beginning frequence 0.01Hz 
frequence step 0.01Hz 
Last frequence 10Hz
In table 3 , reference wind speed refers to the average wind speed at 10m height. The wind speed is 
simulated from Kaimal spectrum considering the effect of the change of height[9], and also the 
correlation of time and space of wind speed between two points. 
Using the software Matlab, the program of simulating fluctuating wind speed is made based on AR 
method. The simulative results of the 1st point is expressed as Fig 4 and Fig 5.  
Fig. 4 Simulated spectrum and target spectrum 
Fig. 5 Fluctuating wind speed of point 1 
Through the analysis above, it can be fonnd that simulated spectrum and target spectrum compound 
very well. It proves that it is feasible to simulated in this methods. 
5. Spply of Wind Load 
Fig. 6  Wind load on tower   
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According to the technical code for designing, tower body is divided into 15 parts which is showed in 
Fig 6 , and wind load will be supplied on the 4 nodes of every part belongs to the tower. Every conductor 
wire is divided into 20 elements equally which is showed in Fig 7 , and wind load will be supplied on 
every node from No.1 to No. 19.  
Fig. 7  Wind load on wire 
6. Time Domain Analysis Of Transmission Tower-Line System Under Wind Load 
When the direction of wind speed is veritical to the conductor wire, the effect distributed by wind load 
on conductor wires is the most significant. For all of this, the time domain analysis of transmission 
tower-line system is researched in this case. 
As an example of ansysis results, Fig 8. shows the diseplacement-time history curve of the model three 
towers and four spans of conductor wires.   
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Fig. 8 Displacement-time history curve of model 3 on tpwer head 
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Fig. 9  Tower distance under average wind load 
As Fig. 9 shows, under the action of average wind load, the distance of middle tower in model 2 is 
about four times greater than it in model 1; the distance of middle tower in model 3 is greater than it in 
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model 2, but the difference is smaller; the distance of middle tower in model 4 is nearly the same as it in 
model 3, and the difference can be denied.  
0
0.1
0.2
0.3
0.4
0.5
0.6
0.00 19.50 34.50 44.50 55.30 65.60
Height/m
Di
se
pl
ac
em
en
t/
m
model 1:single tower 
model 2:one tower and two spans of wires
model 3:three towers and four spans of wires
model 4:five towers and six spans of wires
Fig. 10 Tower distance under spectrum wind load 
As Fig. 10 shows, under the action of fluctuating wind load, the distance of middle tower in model 2 is 
about two times greater than it in model 1; the distance of middle tower in model 3 is about 1.5 times 
greater than it in model 2; the distance of middle tower in model 4 is greater than it in model 3, but the 
difference is lower than 5%, which can be denied in project design.  
The distance of the middle tower under fluctuating wind load is greater than it under average wind 
load. The effect of adjacent towers and lines under fluctuating wind load is greater than it under average 
wind load.  
7. Conclusion 
Theoretical analysis of vibration for transmission tower-line system has been deduced during this 
paper , which can be used to solve this kind of problem in finite element method.  
The effect distributed by wind load on conductor wires  is remarkable, even greater than transmission 
tower itself under wind load. The effect of conductor wires to tower can not be ignored in design. 
The effect distributed by fluctuating wind load on transmission tower-line system is greater than it 
distributed by static wind. Fluctuating wind effects must be considered in design.  
When the effect of tower-line coupling is considered in design, there is no need to calculate too much 
towers and spans on conductor wires. It is enough to consider two towers and four spans of conductor 
wires of the tower which is caculated.    
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